Abstract-A landslide investigation using 2D electrical resistivity imaging (ERI) has been undertaken in the Banding Island, Perak. Banding Island is underlain by Baling Formation which consist of two main facies; namely Argillaceous Facie (eastern part) and Arenaceous Facie (western part). The eastern part of the island is relatively prone to landslide and slope failure. Detailed field resistivity imaging was carried on four lines along the eastern and western parts of the Banding Island. The inferred lithological depth sections based on electrical properties clearly differentiates between the different types of rocks.
I. INTRODUCTION
Malaysia has an equatorial type of climate with relatively high temperature and receives rainfall throughout the year. This combination of climatic parameters caused intense chemical weathering and formation of thick residual soil. Under certain geological and topographical condition, rainfall induced landslides has caused serious disasters involving both cut and natural slopes [1] . This situation is more critical in highland areas which often receive more precipitation. The hilly area is only stable within a certain range of water saturation. Below critical saturation, shear resistance of soil are enhanced due to the effect of suction which creates an apparent cohesion between soils particles [2] . Local slope failure happened because the water saturation exceeds a critical limit in certain parts of the slope leading to a landslide [3] .
A large and growing body of literature has investigated the use of geophysical methods in landslide study and produce useful information on defining internal structure of a landslide [4] , estimated water content and porosity [5] , identifying depth of water table [6] , and also on the detection of seepage path in earth material [7] .
Nowadays, the electrical resistivity imaging (ERI) technique is easier because there are many ERI instruments available with digital data collection. It is relatively economical, less time consuming, and can cover a wide area of ground surface either in two or three dimensions. ERI technique determines the subsurface electrical properties of the ground by making measurements from the surface. In ERI method current is injected into the ground through two electrodes and the potential difference was measured between two potential electrodes [8] .
In this study, 2D ERI was used to obtain the ground conditions based on electrical properties of the rock. The results indicate variations and anomalies that can be correlated with different types of rock in Banding Island. ERI also can indicate the location where soil are saturated with water and other characteristics which can help the geotechnical engineer to estimate the shear strength of the ground.
II. GEOLOGY OF THE STUDY AREA
The fieldwork was performed at the eastern and western part of Banding Island. As shown in Fig. 1 , all landslides occurred on the eastern part of Banding Island except for two minor landslides which are located in the middle of the study area. Apart from the unfavourable geological conditions, road constructions are also probably the main reason for landslide occurrences in the study area because most of the landslides are located besides the road.
Within Banding Island, two main facies were observed; the Argillaceous Facie constituting the eastern part of the island and the Arenaceous Facie on the western part of the island. The Argillaceous Facie is subdivided into Phyllite subfacie and Quartz-chlorite-serisite schist subfacie. This Argillaceous Facies are found on the eastern half of Banding Island. The quartz-chlorite-serisite schist is often associated with quartzmica schist. The schists are usually dark grey in colour sometimes with greenish to dark greenish tint. The Phyllite subfacie is reddish grey to dark grey in colour. The Argillaceous subfacies are grouped together and called metaargillites since all the rock units found in the study area are metamorphosed to varying degree of metamorphism. The Argillaceous Facie shows very clear foliation. In fresh or slightly fresh out crops, these foliations exhibit lustrous surfaces. These rock units are easily weathered. The soil derived from this rock tends to be reddish to yellowish grey in colour. Landside events are common within this site, especially in the wet season. Upon weathering, the foliations within the rock unit tend to be easily broken and get eroded easily.
The Arenaceous Facie has been found in western half of Banding Island consisting of quartz-mica schist, metagreywacke and meta-sandstone. This type of rock also called Meta Arenite. The quartz mica hornfels and meta-conglomerate may be present but was not identified. Subfacies metagreywacke and meta-sandstone are usually light grey to white in colour. In the field, these rock units tends to have thick foliation planes and sometimes massive. The quartz-mica schist subfacie are often associated with fine-grained sandstones and usually showing fine foliation parallel to the bedding planes. Upon chemical weathering of Malaysian condition, sometimes the grainy nature of the Arenaceous Facie tends to show their sand grains from which the rock unit originated. Due to its high SiO 2 contents, the rocks in these facies tend to resist weathering better than the Meta Argillite.
III. METHODS AND DATA ACQUISITION
ERI was performed at eastern and western sides of the island which have different type of rocks. A total of thirteen ERI were acquired around the Banding Island. In this paper we presented four representative interpreted true model resistivity profiling. Line 1 and 2 was performed in ex-landslide area which consists of Argillaceous Facie type of rock. The ERI measurement in the western side is approximately opposite to Line 1 and 2 as shown in Line 3 and 4.
The basic configuration of ERI measurements is shown in Fig. 2 . Four electrodes are arranged in-line, with C1 and C2 injecting the current into the ground and P1 and P2 are the potential electrode measuring the resulting voltage. This arrangement will get a resistance value in depth n1 of the ground. This step was continued to move the electrode on a line to another point to finish all reading along depth n1. By increasing the distance between the electrodes, the depth of measurements will be increase to include the deeper zone of the ground (n2). These steps end when the electrode spacing is the longest distance of the line and produce the deeper reading.
The set of apparent resistivity data were interpreted using the program RES2DINV. The purpose of electrical surveys is to determine the subsurface resistivity distribution by making measurements on the ground surface. From these measurements, the true resistivity of the subsurface can be estimated. The ground resistivity is related to various geological parameters such as the mineral and fluid content, porosity and degree of water saturation in the rock [8] .
The apparent resistivity data for Line 1 and 3 were collected using 42 electrodes spaced at 2 m along the line, to give a total length of 80 m and produce the profile with 12 m deep. While Line 2 and 4 measurements were made using 80 electrodes at the same electrode spacing, this will increase horizontal length to 160 m and produce a 24 m depth image. The resistivity value was measured using ABEM Terrameter SAS4000 with Wenner array configuration. Wenner array has the strongest signal strength compare to the others array. Topographic corrections were made during 2D inversion. For uniformity in the interpretation of different true resistivity sections along various profiles, a common colour code has been used for the presentation of the results.
IV. RESULT AND DISCUSSION
Line 1 (Fig. 3) portrayed the electrical resistivity distribution of subsurface in the vicinity of the slope failure of skid trail on the north eastern part of the island underlain by Argillaceous Facie. The lowest part of the profile is the edge of the lake and it is good calibration to proof the zone is water saturated. Along the survey line the soil is very loose and has many small pools of water on the ground. This observation indicates that water saturated zone is very close to the ground surface which give the resistivity value lower than 500 ohm-m. Fig. 4 illustrates the results along Line 2 which shows the electrical resistivity distribution of the subsurface in the vicinity of the collapsed multi-storey building. The area is underlain by weathered Argillaceous Facie. The image shows that most of the subsurface formation has electrical resistivity distribution less than 4,000 ohm-m. Ground very near to the Tasik Temenggor water line has resistivity less than 200 ohmm indicating the Argillaceous Facie are water-saturated. Water saturated zone also be can be found at depths 15 meter below ground surface. Field observation had indicated that the high resistivity (greater than 4000 ohm-m) zone present near to the earth surface in the image is related to loose weathered metaargillite found in the area.
ERI measurements of Lines 3 and 4 ( Fig. 5 and 6) were conducted on grounds underlain by Arenaceous Facie. All the lines were obtained approximately opposite to Lines 1 and 2 for the purpose comparison. From the image in Fig. 5 and 6 , it is noted that grounds with resistivity value 4,000 ohm-m or more occurred either on or very near to the surface of the ground. This indicates that the ground is not highly saturated with water and is not having a lot of electrically conducting minerals, such as clays. The shape of the image indicated the presence of boulder which is close to the ground surface.
The ERI images in eastern part indicated the electrical resistivity lower than 4000 ohm-m. As mentioned earlier, the occurrence of landslides and slope failures in Banding Island are confined to areas within this Argillaceous Facie. Field evidence had indicated that the Argillaceous Facie are highly fractured and thinly foliated. Observation in the field had also indicated that the foliations of the rocks show fracture, minor folding and shearing. The ERI images also indicated the present of thick soil layer. All these features together with the mineralogical composition of the rock suggest that the Argillaceous Facie are easily weathered and transported by erosion. The ERI images in Arenaceous Facie have the electrical resistivity which range from 1500 to 25000 ohm-m. This high electrical resistivity distribution indicated that the rocks are less conductive having lower clay contend and are not saturated. This type of rocks are also has high in SiO 2 contents to resist weathering better than the Meta Argillite. V. CONCLUSIONS Electrical resistivity imaging was carried out to determine the electrical resistivity distribution of Argillaceous Facie and Arenaceous Facie types of rock in Banding Island. The present study shows that ERI method is a useful reconnaissance tool for obtaining subsurface lithological conditions of the ground especially in landslide study. Different electrical resistivity values are associated with the Argillaceous Facie and Arenaceous Facie as indicated clearly from the ERI image. The Argillaceous Facie of the study area easily weathered and is prone to landslide. The electrical resistivity of this rock is less than 1500 ohm-m. In the Arenaceous Facie the resistivity are high and the rock are less susceptible to weathering. The result of the present study indicated that information furnished by electrical resistivity imaging may be useful to geotechnical engineers for preliminary assessment of subsurface conditions existing on hillslopes. The information may also be used to decide on the numbers of necessary boreholes required for soil investigation purposes; thus optimizing the overall cost of hillside development.
